A subcranial approach for the removal of lesions of the anterior skull base, nasofrontal, ethmoidal, sphenoidal sinuses and clivus was first proposed by Raveh et al 1 in the early 1980s and has since gained popularity because of its excellent visibility and wide surgical exposure, lack of prominent facial scaring, and minimal frontal lobe manipulation. 2 This approach was also adopted for tumors of infancy and childhood, 3 but there are apparently no reports in the literature on its effect on facial growth and development in the pediatric age group. Because the frontonasal suture is an active growth center of the anterior skull base up to the age of 16 years, 4 one can speculate that osteotomies performed at that region might have an undesirable effect on midface development, and possibly affect both vertical and horizontal maxillary growth.
Cephalometric parameters are invaluable in assessing normal as well as distorted development of the facial skeleton. The purpose of the present study was to evaluate cephalometrically monitored maxillary and midface development in a group of growing patients who underwent subcranial surgical procedures for resection of frontobasal and superior sinonasal tumors, and to determine whether there are untoward surgical effects on vertical and/or horizontal parameters of maxillary growth.
MATERIALS AND METHODS

Study Design
From 1994 to 2004, 108 patients underwent subcranial osteotomy procedures for the removal of anterior skull base tumors and lesions at the Department of OtolaryngologyHead and Neck Surgery and Skull Base Unit of Tel-Aviv Medical Center. Eleven of them were younger than 18 years of age at the time of surgery and they comprise the study cohort.
A multidisciplinary medical team that included a head and neck surgeon, a plastic surgeon, and a neurosurgeon evaluated all the patients preoperatively. The presurgical workup included computerized tomographic (CT) scans, magnetic resonance imaging (MRI), and a biopsy where applicable. Angiograms were obtained for vascular lesions (ie, juvenile angiofibroma) and presurgical embolization was undertaken when indicated.
The surgical technique for all the pediatric patients was essentially the same as for the adult population. 5, 6 The osteotomy is marked on the frontal and nasal bones, followed by prebending of mini-and microtitanium fixation plates (Stryker-Leibinger Company, Freiburg, Germany) The extent of intracranial involvement dictated whether a type A (frontal sinus outer plate together with the nasal bone and medial orbital rim of bone) or a type B (posterior frontal sinus wall with dural detachment) was performed. 5 The hair is not shaved and a bicoronal incision is performed within the hairline, followed by raising a supraperiosteal flap that is further developed into a pericranial flap. Dissection is undertaken down into the orbits and along the nasal roof, preserving the supraorbital nerves and vessels, while clipping the anterior ethmoidal arteries. Performing bilateral ethmoidectomies and sphenoidotomy further enhances the exposure, whereupon the extension of the lesion is assessed and the lesion is resected. The technique is combined with a midfacial degloving procedure performed through the oral and nasal vestibules 6 when the lesion extends inferiority into the pterygopalatine fossa, lateral maxillary walls, and lower nasal cavity. Reconstruction of the skull base begins with repair of the dura, either primarily by suturing or by the application of double-layered fascia lata harvested from the lateral thigh and glued with fibrin. 7 Pericranial flaps are not used for the reconstruction. The frontal sinus is cranialized. The original nasal-fronto-orbital bony segment that had been removed earlier is replaced and the prebent bone plates are applied for fixation.
Reduction of the telecanthus is achieved by tightening suspension threads using the centripetal compression method. 1 At the end of the procedure, the skin flaps are repositioned to leave adequate suction draining.
All study patients or their surrogates gave their signed informed consent to participate in this study, which was approved by the institutional Helsinki committee. These patients were recalled between 1 to 7 years (mean, 3.2 Ϯ 2 years) since surgery. Each was examined clinically and radiographically, including lateral cephalometric x-rays (Fig 1) . All cephalograms were taken with the same equipment and were hand traced at a single sitting in the same manner on matte acetate tracing film. The analysis of the cephalometric data was performed by one investigator (SC). Linear and angular measurements were made to the nearest 0.5 mm and 0.5 degree. A cephalometric analysis containing measures chosen from the analysis of Steiner, 8 Rickets, 9 and McNamara 10 was performed on each cephalogram. The resultant data were compared to age-matched norms for the corresponding Israeli population.
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The following landmarks were used (Fig 1) : point A (A), point B (B), pogonion (Pg), menton (Me), condylion (Co), anterior nasal spine (ANS), posterior nasal spine (PNS), nasion (N), sella turcica (S), gnathion (Gn), gonion (Go). The definitions of all landmarks correspond to those of Riolo et al. 12 The reference planes (Fig 1) we used were anterior cranial base (SN), Frankfurt horizontal (FH), occlusal plane (OP), palatal plane (PP), and mandibular plane (MP). The following measurements were performed (Fig 1) : cranial base relationships, SN-FH (°); maxilla to cranium, SNA (°), N-ANS(mm), FH-PP(°); maxillary length, CoA(mm); mandible to cranium, SNB(°), SN-MP(°), FH-MP(FMA)(°); mandibular length, CoGn(mm); mandible to maxilla, ANB(°), "Wits" appraisal (mm), 13 CoGn-CoA (maxillo-mandibular difference)(mm); maxillary dental relationship The assessment of the method error for the cephalometric measurements was performed with Dahlberg's formula 14 on 10 repeated measurements selected randomly from the total number of the observations. The errors were between 0.1 and 0.8 mm for the linear measurements and between 0.2 and 0.9 degrees for the angular measurements.
RESULTS
All the study patients underwent surgery by the subcranial surgical approach for extirpation of tumors in the nasofrontal region (Table 1) . They were divided into two subgroups based on their age at the time of surgery. Subgroup A comprised six patients (age, 6 to 16 years; mean, 11.2 Ϯ 4 years) who still maintained growth potential in their midface (the "growing subgroup"). Three of them underwent surgery for treatment of encephalocele, one for squamous cell carcinoma, one for meningioma and one had the pathologic diagnosis of sarcoma. Subgroup B included five patients (age, 17 and 18 years; mean, 17.2 Ϯ 0.4 years) who no longer maintained any growth potential in their midface (the "nongrowing subgroup"). Two of them underwent surgery for nasopharyngeal juvenile angiofibroma, one for fibrous dysplasia, one for sarcoma, and one for frontal sinus mucocele. Four of these patients also had adjunctive procedures to facilitate the removal of their tumor or lesion: one of them (number 6) underwent radical maxillectomy, two (numbers 7 and 9) underwent medial maxillectomies, and one (number 4) had previously undergone two surgical craniofacial resections. Angiograms were obtained for two of patients with vascular lesions and both patients also underwent presurgical embolization.
• Cranial base relationships (SN-FH): No significant differences were observed between the study groups and the normal values or between the two subgroups.
• Maxilla to cranium: The mean SNA angle and the distance Na-ANS were within normal limits. The mean FH-PP angle, however, was increased compared with the • Maxilla to mandible: ANB was at the lower limit of the normal value. The maxilla-mandibular difference was increased, especially in the younger subgroup, due to the smaller Co-A distance. The Wits appraisal was negative in four of the younger patients and three of the older patients.
• Maxillary dental relationship: The 1-FH and 1-SN angles were significantly increased compared with the normal value in all 11 patients while, in contrast, the angle 1-PP was within normal limits as was the distance (1-ANSPNS, 6-ANSPNS) between the upper teeth and the palatal plane.
• Mandibular dental relationship (1-GoGn, 6-GoGn): All measurements were within normal limits.
• Vertical dentofacial relationships: The SN-OP angle was slightly decreased in both subgroups, but more noticeably in the older one. The UFH/TFH ratio was significantly reduced as a result of an increased Na-Me distance. The ANS-Me distance was also increased. These findings, together with a normal Na-ANS distance, suggest a superior position of the Na and ANS points.
• S-Go/Na-Me ratio: This measurement was Ͼ63 percent (norm, 59% to 63%) in five patients of the younger subgroup and all of the patients in the older group, and more increased in the latter. This finding suggests a counter-clockwise rotation tendency.
DISCUSSION
The subcranial approach is an invaluable surgical technique that has been successfully adopted for application in young patients who require excision of craniobasal lesions.
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Clinically, most patients showed a satisfactory outcome in terms of facial contour and function, but our literature search failed to discover documentation on its long-term effect on growth and development of the facial skeleton. The purpose of the present retrospective study was to evaluate the skeletal and dentoalveolar changes in a group of young patients treated with the subcranial surgical approach for the excision of several types of pathologies. Each underwent a cephalometric analysis to examine the differences between growing and nongrowing subgroups of patients compared with the population norms.
The cephalometric data suggested a relatively superiorly positioned Na point. This was reflected in an increased TFH (the vertical distance between the Na point and Me). The distance Na-ANS (UFH) was normal, however, because of an upward inclination of the palatal plane (expressed in an increased PP-FH angle) and a superior position of the ANS point. Because ANS divides between the upper facial height and the lower facial height, the ratio UFH/TFH was decreased while the LFH/ TFH was increased. It must be emphasized that all the vertical cephalometric changes were within a 10 percent deviation of the normal values, which translates into acceptable cosmetic and functional outcomes.
The maxillary length (CoA) was affected only in subgroup B, which suggests that long-standing tumors may affect skeletal growth in the sagittal direction more se- verely than surgical osteotomy (the subcranial approach). Thus, long-standing tumors should probably be removed as soon as possible if a minimum effect on maxillary growth is desired. This relative retardation in maxillary growth, together with a normal mandibular growth, resulted in an increased maxilla-mandibular difference, a decreased Wits appraisal and an ANB angle at the lower limit of its normal value in our patients. Again, it is noteworthy that all the sagittal cephalometric changes were within a 10 percent deviation of the normal values.
As for the dental changes, the most prominent deviation from normal was the proclination of the upper incisor teeth relative to the cranial base reference planes. In contrast, their inclination relative to the PP was unchanged. This was due to the counterclockwise rotation of the maxillary complex, together with the upper teeth.
An earlier study 15 evaluated the effect of LeFort I maxillary osteotomy on maxillary growth in a group of pediatric patients and was found to be negligible. In the present study, the cephalometric data demonstrated that the subcranial approach to the anterior skull base had a relatively small effect (no more than 10%) on the growth of the midfacial skeleton in the vertical direction. Longstanding tumors of the anterior skull base also had a minimal effect (no more than 10%) on the growth of the midfacial skeleton in the horizontal direction. Such minor changes produce a negligible effect on the cosmetic and functional outcomes, which are also clinically acceptable. These are critically important elements in the quality of life for patients in this young age group. [16] [17] [18] We believe that the major message of this article lies in its analysis of the effect of a subcranial approach on the growth and development of the facial skeleton of very young patients, thus questioning the long-held belief that such early intervention would cause irreversible harm to the growing facial structures.
In conclusion, the excellent surgical exposure achieved by the subcranial approach for treatment of anterior skull base tumors minimally affects the growing facial skeleton in the vertical direction. Young patients should undergo surgery as soon as possible in order to avoid changes in the horizontal direction. 
